1. Introduction {#s0005}
===============

Zinc metal oxide with antibacterial property is widely used in biomedical applications. The metal is biocompatible and ecofriendly. Zn^2+^ from zinc metal oxide has been reported to improve the keratinocyte movements and assist wound healing ([@b0110], [@b0105]). Recently, metal organic frameworks (MOFs) with structure imitating inorganic porous zeolite designated as zeolitic imidazolate frameworks (ZIF-8) has been reported. The aluminosilicate structure consist of Zn^2+^ metal ions with imidazolate linker. ZIF-8 has been applied in biomedical applications ([@b0095]). However, a number of ZIFs were microporous in nature, where pre-mature drug release was reported ([@b0190]). In recent years, a various techniques have been applied to prepare the composite involving ZIF-8 and mesostructured materials. Such composites were most effective because it combines the advantage of micropore ZIF-8 and mesoporous materials.

Since prehistoric time, carbon black has been used as pigment and reinforcing agent in rubber products ([@b0140]). In recent years, graphitized mesoporous carbon (MC) has been widely used as electrode materials for aqueous supercapacitors ([@b0195]). MC structural features consists of graphite like features with high structural homogenity (few twists and noncyclic compounds) and less functional moities ([@b0165]). MC exhibits high electronic flexibility, mechanical stability, thermal conductivity, and electronic mobility ([@b0150]). In composite formation with high surface area support system, MC has been effectively utilized in high performance components in electrochemical applications ([@b0175]). Recently, multifunctional nanohybrids based on silicon and carbon has been reported with exemplary antibacterial and wound healing properties. The nanocomposite is shown to control the bacterial growth, decrease ulceration development and rejunevation wound healing ([@b0035]). Polyethersulfone attached mesoporous carbon synthesized via phase inversion method has rendered antifouling and bacterial adhesion inhibition property for membrane derived filtration technology ([@b0085]). Silver doped mesoporous carbon have been reported to possess biofouling effect for the application of ultrafiltration membrane. The presence of carbon in composite induces bacterial anti-adhesion effect, while bactericidal effect on Bacillus subtilis and Escherichia coli occurs due to Ag nanoparticle ([@b0090]).

Among other nanosupports, titanium incorporated nanoporous composite were reported to interesting for antibacterial activity. In particular, silver nanoparticle at the surface of titanium containing mesoporous silica was reported to exert excellent antibacterial effect ([@b0045]). Recently, Titanium coated mesoporous silica has been shown to exhibit antibacterial effect at the dental implant surface. For instance, silver nanoparticles decorated with starch capping insertion over titanium coated nanoporous silica surface through sol--gel technique exhibited high and long term antibacterial activity against *Aggregatibacter actinomycetemcomitans* ([@b0070]). The objective of this study is to develop a relatively simple and inexpensive antibacterial bioactive nanocomposites that can be used directly for dental implant, bone and drug delivery applications. To the best of our knowledge, a hybrid system involving graphitized mesoporous carbon (MC)/ZIF-8, and TiZ5/ZIF-8 has not been reported elsewhere. ZIF-8 containing Zn^2+^ and imidazole linker has been reported to exhibit antibacterial effect for the first time. A simple ultrasonic technique have been applied to prepare the composite involving ZIF-8 with MC and TiZ5. Such composites can be easily upgraded for ultrafiltration membrane derived filteration technology and dental implant.

2. Materials and methods {#s0010}
========================

ZIF-8 (Basolite Z1200) with surface area of 1040 m^2^/g were purchased from Sigma Aldrich. Fe-BTC (Basolite F-300) was purchased from BASF. The MOF exhibited a high surface area of 1300--1600 m^2^/g. Graphitized mesoporous carbon with surface area of 50--100 m^2^/g with pore volume of 0.25 cm^3^/g was obtained from Sigma-Aldrich.

2.1. Preparation of TiZSM-5 (TiZ5) {#s0015}
----------------------------------

TiZ5 was prepared by dissolving 11.42 g of ludox AS-40 with 0.63 ml of TIP (Si/Ti ratio 10) and Aluminium nitrate (Si/Al ratio 25). The ratio of F/Si = 1.0 was maintained in synthesis solution. Then 8 g of TPAOH (40%) was added dropwise and stirred for 1 h. 0.93 g of NaOH dissolved in 9 ml water was then added dropwise and stirred overnight. Then solution aged and kept in static oven hydrothermally treated at 160 °C for 72 h, filtered, dried and calcined at 550 °C for 6 h at 5 °C/min.

2.2. Preparation of TiZSM-5/ZIF-8 (TiZ5/ZIF-8) {#s0020}
----------------------------------------------

2.4 g of TiZSM-5 and 252 mg of ZIF-8 was dissolved in methanol (300 ml) and sonicated for 10 min. The composite TiZ5/ZIF-8 was recovered through centrifugation. Similar procedure was followed to prepare the sample TiZ5/Fe-BTC, where Fe-BTC used instead of ZIF-8.

2.3. Preparation of Mesoporous carbon/ZIF-8 (MC/ZIF-8) {#s0025}
------------------------------------------------------

2.4 g of MC and ZIF-8 (252 mg) was dissolved in methanol (300 ml) and stirred for dissolution, then sonicated for 10 min. Then the solution composite was centrifuged and collected. The loaded formulations was labelled as, MC/ZIF-8 ([Table 1](#t0005){ref-type="table"}). Similar procedure was followed to prepare the sample MC/Fe-BTC, where Fe-BTC used instead of ZIF-8.Table 1Physico-chemical analysis ZIF-8, Fe-BTC, TiZ5 and Mesoporous carbon composites.SampleSA~BET~ (m^2^/g)MSA (m^2^/g)MesoSA (m^2^/g)TPV (cm^3^/g)MicroPV (cm^3^/g)MesoPV (cm^3^/g)APD (nm)ZIF-811481117310.670.620.052.3TiZ5/Fe-BTC4262751510.400.160.243.8TiZ5/ZIF-8224165590.210.090.123.8MC/Fe-BTC13346870.410.020.3912.5MC/ZIF-8188110780.460.060.4010.2[^1]

2.4. Nanomaterial characterization {#s0030}
----------------------------------

The phase analysis of nanocomposites TiZ5/ZIF-8, TiZ5/Fe-BTC, MC/ZIF-8 and MC/Fe-BTC was analyzed using benchtop Rigaku Multiplex system, Japan. Surface area and pore size distributions was measured using N~2~ and Argon adsorption isotherm using ASAP-2020 plus (Micromeritics, USA). The functional groups of ZIF-8, F300 and TiZ5 functional groups were observed by FT-IR spectroscopy (Perkin Elmer, USA). The morphological structure of composite was measured using TEM analysis (JEM2100F from JEOL). The coordination nature of metal ion species were determined using diffuse reflectance spectroscopy (JASCO, Japan).

2.5. Study of antibacterial activity of nanocomposites {#s0035}
------------------------------------------------------

Gram-negative bacteria, *Escherchia. coli ATCC35218* and Gram-positive, *Staphyloccocus. aureus ATCC29213*, were chosen for the antibacterial activity of synthesized nanocomposites i.e., TiZ5/Fe-BTC, TiZ5/ZIF-8, MC/Fe-BTC and MC/ZIF-8. Briefly, overnight incubation *of E. coli* and *S. aureus* was done in a nutrient broth (NB) using an incubator shaker (150 rpm) at 37 °C. The cell pellets were obtained and washed using phosphate buffer (PBS) to get rid of the residual media. *E. coli* and *S. aureus* cell suspensions were adjusted to the cell density of approximately 10^7^ CFU/ml by diluting with sterile 0.9% NaCl solution.

Minimal inhibitory concentration (MIC): The experiment was carried on Mueller Hinton Agar (MHA) plates. The antibacterial activities of TiZ5/Fe-BTC, TiZ5/ZIF-8, MC/Fe-BTC and MC/ZIF-8 nanocomposites were examined as per the method previously described by [@b0115]. The MIC was obtained by dilutions of synthesized NPs in the concentrations ranging from 8 mg/ml to 0.25 mg/ml. The MIC was taken as the minimum concentration of test nanocomposites, which appeared with no visual growth.

Minimal bactericidal concentration (MBC). The nanocomposites were further subjected to MBC assessment. Briefly, 10 µl of overnight grown culture, i.e., treated and untreated (control) *E.coli* and *S.aureus* were transferred by streaking onto the fresh MHA plates and reincubated for overnight at 37 °C. After the observation, the MBC was taken as the minimum concentration of nanoparticles, which appeared with no growth of bacteria or with less than three CFUs ([@b0160]).

2.6. Study of morphogenesis using SEM {#s0040}
-------------------------------------

The effect of TiZ5/Fe-BTC, TiZ5/ZIF-8, MC/Fe-BTC and MC/ZIF-8 nanocomposites on the topology of treated and untreated bacteria was further studied by SEM. Precisely, adjusted cell density of bacterial cells were incubated with obtained sub-MIC values ([Figs. 3](#f0015){ref-type="fig"} and [4](#f0020){ref-type="fig"}) of TiZ5/Fe-BTC, TiZ5/ZIF-8, MC/Fe-BTC and MC/ZIF-8 nanocomposites at 37 °C. The untreated and treated cell pellets were obtained by centrifugation at 12,000 rpm and washed several times with PBS. Later cells were subjected to primary fixation using 2.5% glutaraldehyde, followed by treatment with 1% osmium tetroxide as a secondary fixative. Fixed cell samples were washed and then dehydrated by varying concentration of ethanol i.e., 35%, 55%, 75%, 95% and 100%. The dehydrated cell was placed on the aluminum stubs, and dried using a desecrator. The dried samples were coated with gold and finally examined at an accelerating voltage of 20 kV by SEM ([@b0075]).

3. Results and discussion {#s0045}
=========================

[Fig. 1](#f0005){ref-type="fig"} shows the X-ray diffraction pattern of ZIF-8, Fe-BTC, MC, MC/ZIF-8, MC/Fe-BTC, TiZ5/ZIF-8, TiZ5/Fe-BTC and TiZ5. ZIF-8 showed characteristics diffractions in line with earlier reports ([@b0010]). MC showed a broad peak at 2θ value of about 25.9° corresponding to the amorphous characteristics of mesoporous carbon. MC/ZIF-8 showed the presence of similar broad reflection to that of MC but with additional peaks of ZIF-8. However, the reduced intensity of ZIF-8 demonstrates a partial transformation of crystalline ZIF-8 to nanosize at the pores of MC, while preserving the ZIF-8 structure. In case of Fe-BTC, the crystalline peaks of parent MOFs was clearly not seen in the composite, which indicates the complete crystalline transformation. Fe-BTC showed a weak diffraction peaks corresponding to amorphous iron coordinated sites. In case of MC/Fe-BTC composite, a less intense broad peak at 10.5° showed transformation of amorphous Fe-BTC. TiZ5 showed characteristics peaks of MFI structured ZSM-5. ZIF-8 transformation to nanosize is more pronounced in ZSM-5 than MC. It clearly shows the advantage of MFI structure with zigzag pores (0.51 nm). Fe-BTC peaks were not observed and showed the complete nanotransformation.Fig. 1X-ray diffraction pattern of ZIF-8, Fe-BTC, MC, MC/ZIF-8, MC/Fe-BTC, TiZ5/ZIF-8, TiZ5/Fe-BTC and TiZ5.

The textural nature of ZIF-8, Fe-BTC, MC/ZIF-8, MC/Fe-BTC, TiZ5/ZIF-8 and TiZ5/Fe-BTC was analyzed by nitrogen adsorption isotherm ([Fig. 2](#f0010){ref-type="fig"}). Parent ZIF-8 showed a steep increase in nitrogen uptake at lower p/p0 indicating high ratio of micropores with BET surface area of 1148 m^2^/g ([@b0060]). The composites MC/ZIF-8, MC/Fe-BTC, TiZ5/ZIF-8 and TiZ5/Fe-BTC exhibited a typical Type 1 isotherms characteristics of micropores with BET surface area of 188 m^2^/g, 133 m^2^/g, 224 m^2^/g and 426 m^2^/g. TiZ5/ZIF-8 and TiZ5/Fe-BTC showed a slight increase in hysteresis at higher p/p0 ratio indicating presence of few mesopores along with micropores. The nitrogen adsorption over TiZ5/ZIF-8 and TiZ5/Fe-BTC showed the mesoporous surface area of 59 m^2^/g and 151 m^2^/g. The pore size distribution also replicates the isotherm pattern with a broad pore size distribution over TiZ5/ZIF-8 and TiZ5/Fe-BTC. In case of composite with mesoporous carbon, MC/ZIF-8 and MC/Fe-BTC showed a uniform pore size distribution centered at average pore diameter of 10.2 and 12.5 nm. Pore volume of TiZ5/Fe-BTC composite was higher than that of TiZ5/ZIF-8. MC/ZIF-8 and MC/Fe-BTC showed similar pore volume of about 0.41 and 0.46 cm^3^/g. Moreover, TiZ5 or MC tends to safeguard the structural configuration of MOFs. ZIF-8 containing micropores showed a steep micropore filling at lower p/p0. The BET surface area was 1148 m^2^/g. The t-plot represented the presence of high micropore surface area of 1117 m^2^/g and less mesopore surface area of 31 m^2^/g over ZIF-8. In case of TiZ5/Fe-BTC and TiZ5/ZIF-8, the micropore reduces and remains at 275 m^2^g and 165 m^2^g. High mesosurface area of 151 m^2^g was observed over TiZ5/Fe-BTC, while it reduces to 59 m^2^g with TiZ5/ZIF-8. In case of mesoporous carbon, MC/Fe-BTC composite have BET surface area of 133 m^2^/g, in which 46 m^2^/g tends to be of mesopore surface area. The BET surface area and MSA of MC/ZIF-8 is found to be high of 188 m^2^/g and 110 m^2^/g. The mesopore volume tends to increase significantly with composite formation. Active formulations, TiZ5/ZIF-8 and MC/ZIF-8 pore volume were increased to 0.12 cm^3^/g and 0.40 cm^3^/g. In case of TiZ5, the average pore diameter increases from 2.3 nm to 3.8 nm, while MC/Fe-BTC and MC/ZIF-8 showed highest pore diameter of 12.5 nm and 10.2 nm.Fig. 2Nitrogen adsorption isotherm and pore size distributions of ZIF-8, Fe-BTC, MC/ZIF-8, MC/Fe-BTC, TiZ5/ZIF-8 and TiZ5/Fe-BTC.

[Fig. 3](#f0015){ref-type="fig"} shows the functional groups of ZIF-8 and TiZ5/ZIF-8. ZIF-8 presented a sharp vibration bands between 1395 and 1468, 1382, 1311, 1182, 1150, 995, 954, 760, 692 and 685 cm^−1^ consistence with earlier reports ([@b0080], [@b0215]). In case of TiZ5/ZIF-8, a small but distinct peaks of ZIF-8 correspondings to C = N and C-N appeared at 1582 cm^−1^, 1147 cm^−1^ and 958 cm^−1^. The signals of aromatic imidazole ring was found to appear between 1308 and 1455 cm^−1^. Importantly, the presence of distinct Ti-O-Si stretching vibration was observed at 800 cm^−1^, indicating the chemical interaction of TiZSM-5 with ZIF-8. In case of MC/ZIF-8, a distinct signals indicating a functional interactions between MC and ZIF-8 was not observed in the FTIR characterization tool, which can be attributed due to symmetric nature of MC. However, the interaction has been confirmed using XRD ([Fig. 1](#f0005){ref-type="fig"}) and the subsequent study using DRS-UV spectroscopy and TEM analysis ([Fig. 4](#f0020){ref-type="fig"}, [Fig. 6](#f0030){ref-type="fig"}).Fig. 3FTIR spectra of ZIF-8 and TiZ5/ZIF-8.Fig. 4DRS-UV spectra of MC/ZIF-8, MC/Fe-BTC, TiZ5/ZIF-8 and TiZ5/Fe-BTC.

[Fig. 4](#f0020){ref-type="fig"} shows the spectra of DRS-UV--vis spectra of MC/ZIF-8, MC/Fe-BTC, TiZ5/ZIF-8 and TiZ5/Fe-BTC. ZIF-8 has been reported to exhibit a absorption peak at 230 nm due to Zn^2+^ species of ZIF-8 ([@b0040]). With composite formation with TiZ5, an expansion in the absorption peak due to TiO~2~ occurs at about 300 nm. Basolite F300 composite with TiZ5 showed the absorption expanding to the visible region till 700 nm. MC/ZIF-8 and MC/Fe-BTC showed only a weak absorption peak corresponding to ZIF-8 and Fe-BTC.

The morphological features of TiZ5/ZIF-8 and MC/ZIF-8 were analyzed using transmission electron microscope ([Fig. 5](#f0025){ref-type="fig"}). The presence of ZIF-8 as composite was observed with TiZ5. ZIF-8 with nanosize ranging between 25 and 50 nm was found to coexist with TiZ5 zeolite to form TiZ5/ZIF-8 composite. The size of ZIF-8 was reduced slightly corresponding to the typical range of ZIF-8 crystals (40--70 nm) without TiZ5 ([@b0060]). The TiO~2~ and Zn nanoparticles with dspacing of 0.25 nm and 0.22 nm was microscopically captured showing coexisting over ZSM-5 support ([Fig. 5](#f0025){ref-type="fig"}). The textural characteristics of MC/ZIF-8 showed the nanotextures of MC in pentagonal structure with diameter ranging about 35 nm. The MC nanoparticles can be clearly seen in agglomerated form in size range of 175 nm. Unlike TiZ5, the presence of ZIF-8 was not clearly distinguishable that might be due to thickness of MC ([Fig. 6](#f0030){ref-type="fig"}).Fig. 5TEM images **of TiZ5/ZIF-8.**Fig. 6TEM images of MC**/ZIF-8.**

3.1. Study of antibacterial activity of nanocomposites against *E. coli and S. aureus* {#s0050}
--------------------------------------------------------------------------------------

The antibacterial activity of TiZ5/Fe-BTC, TiZ5/ZIF-8, MC/Fe-BTC and MC/ZIF-8 nanoparticles in this study has been reported for the first time to the best of our knowledge. Although carbon-based nanoparticles like carbon nanotubes and graphene oxide has been previously reported by various research groups ([@b0155], [@b0015]). In the current study, synthesized nanocomposites were subjected to antibacterial activities against *E. coli* and *S. aureus* by evaluating the MIC and MBCs values.

The MIC and MBC for TiZ5/Fe-BTC nanocomposite were 1 and 4 mg/ml, respectively, whereas TiZ5/ZIF-8 showed the MIC and MBC of 0.5 and 1 mg/ml, respectively against *E. coli* ([Fig. 7](#f0035){ref-type="fig"}a&b). The recorded MIC and MBC values for MC/Fe-BTC were found as \>8 mg/ml and MC/ZIF-8 was 1 and 2 mg/ml, respectively [Fig. 7](#f0035){ref-type="fig"}a&b). It has been observed that the TiZ5/ZIF-8 and MC/ZIF-8 nanocomposite depicted significant activity as compared to the TiZ5/Fe-BTC and MC/Fe-BTC.Fig. 7MBC values of synthesized nanoparticles against *E. coli* (a) TiZ5/Fe-BTC (b) TiZ5/ZIF-8 (c) MC/Fe-BTC (d) MC/ZIF-8. (1) 8 mg/ml, (2) 4 mg/ml, (3) 2 mg/ml, (4) 1 mg/ml, (5) 0.5 mg/ml, (6) 0.25 mg/ml, (c) control without any treatment.

The MIC and MBC for TiZ5/Fe-BTC nanoparticles were 8 and \>8 mg/ml, respectively, whereas TiZ5/ZIF-8 showed the MIC and MBC of 1 and 2 mg/ml, respectively against *S. aureus* ([Fig. 8](#f0040){ref-type="fig"}). The MICs and MBCs values for MC/Fe-BTC were found \>8 mg/ml and MC/ZIF-8 nanocomposite was 1 and 4 mg/ml, respectively. Therefore, it has been observed that the TiZ5/ZIF-8 and MC/ZIF-8 nanocomposite depicted significant activity as compared to the TiZ5/Fe-BTC and MC/Fe-BTC against *S. aureus* as well.Fig. 8MBC values of synthesized nanoparticles against *S. aureus* (a) TiZ5/Fe-BTC (b) TiZ5/ZIF-8 (c) MC/Fe-BTC (d) MC/ZIF-8. (1) 8 mg/ml, (2) 4 mg/ml, (3) 2 mg/ml, (4) 1 mg/ml, (5) 0.5 mg/ml, (6) 0.25 mg/ml, (c) control without any treatment.

3.2. Study of morphogenesis using SEM {#s0055}
-------------------------------------

The topology changes of *E. coli* and *S. aureus*, caused by TiZ5/Fe-BTC, TiZ5/ZIF-8, MC/Fe-BTC and MC/ZIF-8 nanocomposites were also studied by SEM. The control *E. coli* cells (untreated cells) were appearing as rod-shaped with consistent cell surface ([Fig. 9](#f0045){ref-type="fig"}a). The *E. coli* treated with TiZ5/Fe-BTC showed a moderately damaged cells ([Fig. 9](#f0045){ref-type="fig"}b), although, when treated with TiZ5/ZIF-8, the count of *E. coli* cells showed a reduction in number and were significantly damaged with distorted cell wall and membrane ([Fig. 9](#f0045){ref-type="fig"}c). This damage caused a loss of integrity of cell wall and membrane, leading to death of bacteria. Similarly, treatment of *E. coli* with MC/Fe-BTC did not show any significant change in the structure and number of cells ([Fig. 9](#f0045){ref-type="fig"}d), whereas treatment with MC/ZIF-8 nanocomposite depicted the distortion and deformation of cells with reduced cell count (see [Fig. 9](#f0045){ref-type="fig"}e).Fig. 9SEM images for effects of synthesized nanoparticles against *E. coli* (a) Control (untreated *E. coli*) (b) TiZ5/Fe-BTC (2 mg/ml) (c) TiZ5/ZIF-8 (0.5 mg/ml) (d) MC/Fe-BTC (8 mg/ml) (d) MC/ZIF-8 (1 mg/ml).

On the other hand, the control cells of *S. aureus* cells (untreated) were normal in shape, depicting the smooth cell surface ([Fig. 10](#f0050){ref-type="fig"}a). The treatment with TiZ5/Fe-BTC have had almost no apparent effect on the structure of *S. aureus* cells ([Fig. 10](#f0050){ref-type="fig"}b), however, when treated with TiZ5/ZIF-8, the S. aureus cells appeared as reduced in number and were effectively damaged. The cells were found to have lost the integrity due to the damage and deformation of cellular wall and membrane which ultimately leads to cell death ([Fig. 10](#f0050){ref-type="fig"}c). Similar picture of topological changes was found in S. *aureus* cells, when treated with MC/Fe-BTC and MC/ZIF-8 ([Fig. 10](#f0050){ref-type="fig"}d&e).Fig. 10SEM images for effects of synthesized nanoparticles against *S.aureus* (a) Control (untreated *S.aureus*) (b) TiZ5/Fe-BTC (2 mg/ml) (c) TiZ5/ZIF-8 (0.5 mg/ml) (d) MC/Fe-BTC (8 mg/ml) (d) MC/ZIF-8 (1 mg/ml) .

Zinc oxide is a proven antibacterial element against numerous microorganisms ([@b0170]). The nanostructure of ZnO with respect to size and shape depends on the synthesis protocols such as residence time and temperatures ([@b0020]). [@b0030] reported that the effect of metal oxide over bacteria depends on the nanoparticle shape, size, concentration and time of exposure. The shape of ZnO reported so far includes nanorods, nanotubes, nanocages, nanoflower and nanoboxes ([@b0135]). The morphological analysis using SEM and TEM techniques showed that ZnO nanoparticle affects the cell wall of bacterial at first stage, penetrates and assemble at the cell membrane. Followingly interrupts the metabolic functions of bacteria and induces cell death ([@b0205]). Specifically, ZnO nanoparticle was reported to induce oxidative stress and damages lipids through lipid peroxidation. Similarly, alters the proteins, DNA and carbohydrates ([@b0145]). The toxic nature of metal oxide nanoparticle is primarily attributed to the release of Zn^2+^ ions that occurs by the reaction of ZnO with acids and alkalis ([@b0130]). [@b0055] have reported that Zn^2+^ ions were released due to extracellular dissolution of ZnO. Higher antibacterial activity of ZnSO~4~ has been directly proportional to Zn^2+^ ions ([@b0200]). It has been reported that positive charge of Zn^2+^ effectively bind with negative charge of biomolecules present inside the bacterial cell ([@b0005]). A trace quantity of Zn ions is found to be effective against viruses due to higher solubility of such Zn^2+^ ions compared to zinc oxide ([@b0125]).

There are numerous reports on the Zeolitic imidazole framework nanocomposites being utilized for various physical and chemical property like adsorption performance ([@b0065]), pH-dependent drug delivery vehicles ([@b0120]), fast gas chromatographic separation of small molecules ([@b0210]), photocatalytic application ([@b0100]) etc. However, the antimicrobial efficacy of such nanocomposites is yet to be studied and explored. In a report by Wang and his team studied the zeolitic imidazolate framework/graphene oxide hybrid nanosheets which were functionalized on a membrane for its antimicrobial activity ([@b0185]). Although, the actual mode of action of TiZSM-5/ZIF-8 is still not studied, however, various factors can influence the obtained activity. Mainly the effect is owing to the particle characteristics, arrangement and size of subunits, stability and behavior to the specific experimental cell. It is presumed that the probable mechanism of ZIF activity obtained as TiZ5/ZIF-8 and MC/ZIF-8 due to DNA damage in the cells. However, among the series of MOF that Fe based Fe-BTC are less effective then Zn based framework. Studies on Zn nanoparticles have suggested the release of Zn ions which interferes with Zn homeostatsis and therefore resulting in mitochondrial dysfunction, enhanced release of cellular ROS and cell disintegration ([@b0050], [@b0115]).

In the current study, it has been observed that the attachment and penetration of synthesized material to microbial cell surface has a paramount importance in obtaining antibacterial activity. The penetration of material into the cell leads to the alteration in the cell wall and membrane integrity by structure recombination, loss of membrane proteins, intracellular uptake, etc. This restructuring leads to various types of interactions with ROS, antioxidant, sorbate, oxidoreductases, leading to dysregulation of cellular redox equilibrium, to combat the bacterial survival ([@b0180]).

ZIF-8 containing two nanocomposites TiZ5/ZIF-8 and MC/ZIF-8 showed excellent antibacterial activity. Comparatively, Fe-BTC based two nanocomposites TiZ5/Fe-BTC and MC/Fe-BTC showed a lower antibacterial activity ([Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"}, [Fig. 4](#f0020){ref-type="fig"}). This clearly shows the antibacterial activity of ZIF-8 in composite formation with TiZ5 and MC support. TiZ5 and MC support helps to transform the crystalline ZIF-8 to semi-crystalline state and increase the solubility of ZIF-8 ([Fig. 1](#f0005){ref-type="fig"}, XRD). In ZIF-8/CNT nanocomposite, crystal size of ZIF-8 depends on the nucleation sites of carbon nanotube support. A strong interaction between imidazole linker and carbon support increases the crystal nucleation site and decrease the crystal size of ZIF-8 ([@b0025]). The semi-crystalline transformation clearly shows increased interactions between imidazole and MC surface ([Fig. 1](#f0005){ref-type="fig"}, [Fig. 4](#f0020){ref-type="fig"} and [Fig. 6](#f0030){ref-type="fig"}). ZIF-8 is know to be built with metal ions (Zn^2+^) and imidazolate linker ([@b0095]). The presence of composite helps to reduce to size of Zn^2+^ and high antibacterial activity shows the increased penetration of nano sized Zn^2+^ of ZIF-8 into the cell wall leading to cell death ([Scheme 1](#f0055){ref-type="fig"}).Scheme 1Preparation of TiZSM-5/ZIF-8 nanocomposite for antibacterial activity against *E. coli* and *S. aureus*.

4. Conclusion {#s0060}
=============

The study shows that antibacterial property of ZIF-8 in composite formation with TiZ5 and MC. TiZ5 with Si/Al ratio of 25 and Si/Ti ratio of 10 was synthesized in fluoride media using sol--gel technique. Transformation of crystalline to nanosized ZIF-8 over TiZ5 showed best antibacterial activity followed by mesoporous carbon MC. The isotherm pattern of TiZ5/ZIF-8 and MC/ZIF-8 showed a reduction in micropore surface area and formation of mesopores and mesopore volume indicating effective composite transition of ZIF-8. The average pore diameter showed a similar expansion in pores compared to parent supports TiZ5 and MC. Zn^2+^ present in ZIF-8 was found to exert significant antibacterial effect on Escherchia. coli and Staphyloccocus. aureus. TiZ5/ZIF-8 and MC/ZIF-8 showed a concentation dependent antibacterial effect, while Fe-BTC showed no such activity in composite with TiZ5 and MC. Overall, ZIF-8 can be a potential antibacterial component that can be further manipulated with biocompatible polymers, natural antioxidants and anticancer drugs. The simple and cost-effective nanocomposite can be easily upgraded for ultrafiltration membrane derived filteration technology and dental implant device.
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[^1]: SA~BET~ = BET Surface area, MSA = Micropore surface area, MesoSA = Mesoporous surface area, PV = Total pore volume, MicroPV = micropore volume, MesoPV = mesopore pore volume, APD = Average pore diameter.
